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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing method of 
a positive electrode active material for lithium secondary batteries 
which excels in initial capacity characteristics in high temperature 
and cycle-life characteristics, and moreover, can maintain the 
volume of the active material. 

SOLUTION: A conductive macromolecule can be coated easily, 
moreover uniformly, by coating the conductive macromolecule in a 
state of a solution on the surface of a lithium compound metal 
oxide conventionally used as the positive electrode active material. 
The obtained positive electrode active material for lithium 
secondary batteries is excellent in electrochemical characteristics 
at a high temperature. 
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* NOTICES * 

JPO and NCIPI are not responsible £or any 
damages caused tfy the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] The manufacture approach of the positive active material for lithium secondary batteries including the 
process which is made to dissolve a conductive giant molecule in a solvent, manufactures a coating solution, 
and coats a lithium compound metallic oxide with said coating solution. 

[Claim 2] The manufacture approach of the positive active material for lithium secondary batteries according to 
claim 1 that said coating process is carried out using a granulation machine or a spray dryer. 
[Claim 3] The manufacture approach of the positive active material for lithium secondary batteries according to 
claim 1 chosen from the group which said conductive giant molecule becomes from polypyrrole, the poly 
aniline, the poly thiophene, polyacethylenes, these derivatives, and such mixture. 

[Claim 4] The manufacture approach of the positive active material for lithium secondary batteries according to 
claim 3 that said conductive giant molecule is the polymer of the EMERARU DIN base or a doping condition. 
[Claim 5] The manufacture approach of the positive active material for lithium secondary batteries according to 
claim 1 that said coating solution contains an electric conduction agent further. 

[Claim 6] The manufacture approach of the positive active material for lithium secondary batteries according to 
claim 1 that said coating solution contains further an electric conduction agent and an ion conductivity polymer. 

[Claim 7] The manufacture approach of the positive active material for lithium secondary batteries according to 
claim 6 chosen from the group which said ion conductivity polymer becomes from polyethylene oxide, 
propylene oxide, polyethylene glycols, these derivatives, the salt of those, and two mixture or more in these. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the positive active material for 
lithium secondary batteries excellent in the electrochemical property in detail about the manufacture approach 
of the positive active material for lithium secondary batteries. 
[0002] 

[Description of the Prior Art] A lithium secondary battery fills up with and manufactures the organic 
electrolytic solution or the polymer electrolytic solution between said positive electrodes and negative 
electrodes reversibly, using the matter in which insertion and desorption of a lithium ion are possible as a 
positive electrode and a negative electrode, and generates electrical energy by the oxidation when a lithium ion 
inserting / ****ing with a positive electrode and a negative electrode, and the reduction reaction. 
[0003] a chalcogenide (chalcogenide) compound uses as positive active material, using the carbon system 
matter as a negative-electrode active material of a lithium secondary battery ~ having ~ **** ~ as the example 
- LiCo02 and LiMn2 ~ 04, LiNi02, and LiNil- compound metallic oxides, such as xCox02 (0< x<l) and 
LiMn02, are used. 
[0004] 

[Problem(s) to be Solved by the Invention] Recently, the conductive macromolecule is studied as new positive 
active material. However, in using only such a conductive giant molecule as positive active material, the 
intercalation (intercalation) / DIN TAKARESHON (deintercalation) reaction of the lithium ion which is the 
charge-and-discharge mechanism of a lithium secondary battery do not occur, but sediment (deposition) / 
phenomenon by which stripping (striping) is carried out happens [ a lithium ion ] to a positive-electrode front 
face. There is a trouble which does not attain to the geometric capacity of the matter itself far by this. 
[0005] In order to solve the trouble at the time of using only such a conductive giant molecule as positive active 
material independently, research which mixes and uses a lithium compound metallic oxide and a conductive 
giant molecule is advanced. There is a method of manufacturing the positive active material of the core shell 
(core-shell) type with which the conductive macromolecule was compounded on the front face of a lithium 
compound metallic oxide as a typical approach in such research. However, lambda-MnO 2 which was the 
process which compounds a macromolecule, and irreversible deformation of a compound metallic oxide, 
especially the manganese active material was carried out, and was formed in the front face of a compound 
metallic oxide oxidizes, and this approach has the trouble that the repeatability of capacitance characteristics, 
such as a poor initial capacity and cycle property instability, is not good. 

[0006] It is in the object of this invention offering the manufacture approach of the positive active material for 
lithium secondary batteries of having solved the trouble mentioned above and having excelled in the 
electrochemical property. 

[0007] Furthermore, it excels in the cycle-life property in an elevated temperature, and is in offering the 
manufacture approach of the positive active material for lithium secondary batteries that the volume of an active 
material is maintained. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned object, as a result of inquiring 
wholeheartedly, the conductive giant molecule was dissolved in the solvent, the coating solution was 
manufactured, and the manufacture approach of the positive active material for lithium secondary batteries 
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including the process which coats a lithium compound metallic oxide with this coating solution was found out. 
[0009] 

[Embodiment of the Invention] Hereafter, this invention is further explained to a detail. 

[0010] This invention is the approach of coating with the conductive giant molecule of a solution condition the 
front face of the lithium compound metallic oxide used as positive active material for lithium secondary 
batteries. The 1st step of the production processes of this invention dissolves a conductive giant molecule in a 
suitable solvent, and manufactures a coating solution. It is desirable to use polypyrrole, the poly aniline, the 
poly thiophene, polyacethylenes, these derivatives, or such mixture as a conductive giant molecule used for this 
invention. As an example of the derivative of the poly thiophene, there are Pori (3-butyl thiophene -2, 5-diyl), 
Fori (3-hexyl thiophene -2, 5-diyl), Pori (3-octyl thiophene -2, 5-diyl), Pori (3-DESHIRU thiophene -2, 5 diyl), 
Pori (3-dodecyl thiophene -2, 5-diyl), etc. 

[0011] If an usable conductive giant molecule is classified according to an electric condition in this invention, it 
can classify into the EMERARU DIN base (emeraldine base) condition or doping (redopping) condition of a 
giant molecule. The macromolecule of an EMERARU DIN base condition means the polymer of a neutral 
condition electrically. The giant molecule of an EMERARU DIN base condition can carry out the JIDO ping 
(dedopping) of the giant molecule doped with the polymerization of only a monomer, or doping material, and 
can manufacture it. The JIDO ping of the giant molecule of a doping condition can be easily carried out by 
washing, after adding the doped matter and the matter which can react. Under the water-solution ambient 
atmosphere with which doping material was diluted, the macromolecule of a doping condition carries out the 
polymerization of the monomer, and is manufactured. Moreover, after carrying out the JIDO ping of the giant 
molecule of a doping condition and making the giant molecule of an EMERARU DIN base condition, with 
doping material, it can dope again and can manufacture. Electrical conductivity and fusibility of the 
macromolecule of the doping condition which passed through such doping, the JIDO ping, and the re-doping 
process improve. It combines with the doping material which loses an electron, is electrified, combining 
with doping material, and is electrified, and the macromolecule of a doping condition exists in the state of 
neutrality electrically. If it is the matter electrified in response to an electron from a macromolecule as 
doping material used for this invention, all will be usable and there will be no special limit. There is no 
constraint special also to the amount of the doping material used. There is lithium salt like lithium halide as a 
concrete example of doping material or an organic acid (orgaic aicd) which has a long alkyl chain. As an 
example of the organic acid which has a long alkyl chain, there is alkylbenzene sulfonic acid, such as p- 
toluenesulfonic acid, benzenesulfonic acid, octyl benzenesulfonic acid, and dodecylbenzenesulfonic acid. 
[0012] Moreover, although the polymer illustrated as a conductive macromolecule can also be used 
independently, it can use also with the blend with other macromolecules, such as a polymer (conductive 
polypyrrole shell formed on the doped polyurethane core binder) marketed as polypyrrole or polymer supported 
(trade name of Aldrich), and the copolymer gestalt of polyurethane and polyvinyl acetate. It is not necessarily 
restricted to the macromolecule which the class of macromolecule which can form a blend or a copolymer 
explained in full detail. 

[0013] The conductive giant molecule used by this invention plays the role which electrical conductivity is 
excellent in and it not only makes excellent adhesive strength between an active material or an electric 
conduction agent, and a binder, but prevents the active material degradation phenomenon in an elevated 
temperature etc. In the case of a manganese system active material, an elevated-temperature degradation 
phenomenon and an elevated-temperature volume dilatation phenomenon can be prevented especially. 
[0014] Although the organic solvent or water like chloroform or m-cresol as a solvent used at the time of 
manufacture of a coating solution can be used, if only a conductive macromolecule is dissolved well, there is no 
special limit. 

[0015] The coating solution containing the conductive giant molecule of this invention can add an electric 
conduction agent and an ion conductivity polymer. As an electric conduction agent used for this invention, there 
are not a graphite system electric conduction agent, a carbon system electric conduction agent, etc., and it is not 
necessarily specially restricted to this, as the example of said graphite system electric conduction agent — KS 6 
(product of Timcal) — it is — as the example of a carbon system electric conduction agent ~ super one ~ P 
(product of an MMM company), KETCHCEN black (ketchen black), and DIN - a turnip — there are a rack 
(denka black), acetylene black, carbon black, etc. As an example of the ion conductivity polymer used for this 
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invention, polyethylene oxide, propylene oxide, a polyethylene glycol, its derivative, or two or more sorts of 
such mixture exist. The salt gestalt of said polymer is also usable and the mixture of the salt of a polymer or a 
polymer and an organic solvent can also be used preferably. 

[0016] When coating a lithium compound metallic-oxide front face with a coating solution in this invention, 
since it is [ control of a coating condition ] dramatically easier to use the equipment which can coat 
homogeneity with a conductive polymer solution on the front face of a lithium compound metallic oxide, it is 
desirable. If there is a granulation machine (agglomerator) or a spray dryer (spray dryer) as an example of such 
equipment and a coating solution can be applied to the front face of oxide powder, it is usable with any 
equipments. When using said equipment, it is desirable to optimize service conditions, such as an input, charge 
temperature (inlet temperature), a floating air content (fluidizing air volume), a solution speed of supply, 
rotational speed (RPM), and the volume of atomizing air (spray air volume), with the capacity of equipment. 
[0017] As for the content of the giant molecule by which coating was carried out, it is desirable that it is 1 
thru/or 30 mass % to a lithium metallic oxide, and it is still more desirable that it is 1 thru/or 10 mass %. As for 
the content of an electric conduction agent, it is desirable that it is 0.1 thru/or 10 mass % to a lithium metallic 
oxide, and, as for the content of an ion conductivity polymer, it is desirable that it is 0.1 thru/or 5 mass %. 
[0018] In the lithium compound metallic oxide by which coating was carried out, the thickness of a coating 
layer has 0.1 thru/or desirable 1 micrometer. If the thickness of a coating layer is smaller than 0.1 micrometers, 
the coating effectiveness, i.e., the improvement in a life in an elevated temperature, is not expectable, and when 
larger than 1 micrometer, there is a problem on which insertion/desorption to the positive-electrode oxide of a 
lithium ion are not smoothly carried out, but initial capacity decreases. 

[0019] It is usable in all the lithium compound metallic oxides generally used with a lithium secondary battery 
as a lithium compound metallic oxide used by this invention, and the following chemical formula 1 thru/or the 
compound of 9 can be used as the typical example. Especially, the following chemical formula 1 thru/or the 
manganese compound of 4 are desirable. 
[0020] 

[Formula 1] [Chemical formula 1] LixMnl-yM'yA2 [chemical formula 2] LixMnl-yM'y02-zAz [chemical 
formula 3] LixMn204-zAz [chemical formula 4] LixMn2-yM*yA4 [chemical formula 5] LixMl-yM"yA2 [— a 
chemical formula ~ six — ] — LixMO — two - zAz — [— a chemical formula — seven — ] — LixNi ~ one - yCoyO 
— two - zAz — [— a chemical formula — eight — ] — LixNi — one - y-zCoyM — ' — ' — zA — alpha — [— a 
chemical formula nine -] - LixNi - one - y-zMnyM'zA - alpha (by said formula) It is 0.95<=x<=l.l, 
0<=y<=0.5, 0<=z<=0.5, and 0< alpha<=2. M is nickel or Co. M* aluminum, nickel, Co, Cr, Fe, Mg, Sr, V, Sc, 
Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Ac, Th, Pa, U, Np, Pu, Am, Cm, Bk, Cf, Es, 
Fm, Md, They are one or more elements chosen from the group which consists of No and Lr. M" aluminum, Cr, 
Mn, Fe, Mg, Sr, V, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, it is one or more elements 
chosen from the group which consists of Lu, Ac, Th, Pa, U, Np, Pu, Am, Cm, Bk, Cf, Es, Fm, Md, No, and Lr, 
and A is an element chosen from the group which consists of O, F, S, and P. 
[0021] 

[Example] Hereafter, the desirable example and the example of a comparison of this invention are indicated. 
However, it does not pass over the following example in the one desirable example of this invention, and this 
invention is not necessarily restricted to the following example. 

[0022] (Example 1) The polypyrrole / polyurethane blend of a doping condition were dissolved in distilled 
water, and the coating solution was manufactured. The content of polypyrrole/polyurethane was lwt% on the 
basis of the lithium metallic oxide. The coating solution and LiMn 204 which were manufactured were 
supplied to the granulation machine, and LiMn 204 to which coating of polypyrrole/the polyurethane was 
carried out was manufactured. 

[0023] (Example 2) The poly aniline of a doping condition was dissolved in chloroform, and the coating 
solution was manufactured. The content of the poly aniline was lwt% on the basis of the lithium metallic oxide. 
The coating solution and LiMn 204 which were manufactured were supplied to the granulation machine, and 
LiMn 204 to which coating of the poly aniline was carried out was manufactured. 

[0024] (Example 3) The poly aniline of an EMERARU DIN base condition was dissolved in chloroform, and 
the coating solution was manufactured. The content of the poly aniline was lwt% on the basis of the lithium 
metallic oxide. The manufactured coating solution and LiMn02 were supplied to the spray dryer, and LiMn02 
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to which coating of the poly aniline was carried out was manufactured. 

[0025] (Example 4) Super P (product of an MMM company) was dissolved in m-cresol as the poly aniline in 
the condition of having been re-doped with dodecylbenzenesulfonic acid, and the coating solution was 
manufactured. The content of super P was 1 wt% respectively on the basis of the lithium metallic oxide as the 
poly aniline. The coating solution and LiMn 204 which were manufactured were supplied to the granulation 
machine, and LiMn 204 by which coating of super P was carried out to the poly aniline was manufactured. 
[0026] (Example 5) the poly aniline in the condition of having been re-doped with dodecylbenzenesulfonic acid, 
and super one ~ P (product of an MMM company) and polyethylene oxide were dissolved in m-cresol, and the 
coating solution was manufactured. The content of the poly aniline. Supermarket P, and polyethylene oxide was 
lwt% respectively on the basis of the lithium metallic oxide. The coating solution and LiMn 204 which were 
manufactured were supplied to the granulation machine, and LiMn 204 to which coating of the poly aniline. 
Supermarket P, and the polyethylene oxide was carried out was manufactured. 

[0027] (Example 1 of a comparison) The front face of LiMn 204 was made to carry out the polymerization of 
the pyrrole monomer, and the positive active material for lithium secondary batteries was manufactured. 
[0028] (Example 2 of a comparison) LiMn 204 was used as positive active material for lithium secondary 
batteries. 

[0029] The lithium secondary coin cell was manufactured by the usual approach using the positive active 
material manufactured by said examples 1-5 and the examples 1-2 of a comparison. The cycle-life property in 
ordinary temperature was measured to the coin cell containing the positive active material of an example 1 and 
the example 2 of a comparison, and the result was shown in drawing 1 . As shown in drawing 1 , it turns out 
that the cell (b) using the positive active material of an example 1 excels the cell (a) using the positive active 
material of the example 2 of a comparison in the cycle-life property in ordinary temperature. 
[0030] The cycle-life property in an elevated temperature was measured to the coin cell containing the positive 
active material of an example 1, an example 5, and the example 2 of a comparison, and the result was shown in 
drawing 2 . It turns out that the elevated-temperature (60 degrees C) cycle-life property of the coin cell (b, c) 
which contains the positive active material of the examples 1 and 5 of this invention compared with the cell (a) 
using the positive active material of the example 2 of a comparison is more excellent. 
[0031] 

[Effect of the Invention] The manufacture approach of the positive active material for lithium secondary 
batteries of this invention is the approach of coating with a conductive giant molecule the front face of the 
lithium compound metallic oxide conventionally used as positive active material in the solution condition, is 
easy coating and can coat homogeneity with a conductive giant molecule. The manufactured positive active 
material is especially excellent in the electrochemical property in an elevated temperature. 
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i^tUTfi, U^"^Az:^*cm?&Tf-«l3ffltien'5U5^ 
>^Am^^^'fb#i©±T^^-5jfig-e$.o. ^(DfiiS 
so mtsmt. UTTSECMb^ 1 ^Hk^^ffl^i^ d 
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[0020] 
LiiMni-»M'»A2 

Mb^2] 

Li.Uni-rM%0>->A> 
LitMnaOt-iAi 

LiiNbb-yM'rA4 
LiiMl-yM' 'yAa 

Li.MQ2->A< 

LilNil-yCOrOz-.Ax 

LiiNii-»-iC(vM"iAo 

LiiNii-r->UfvM'iAa 
(tffl^Cl?> 0. 95^x^1. 1> O^y^O. 5. 
O^z^O. 5. 0<a^2T?*Os MfaNi*;ttiC 
oT3bO> M'SAK Ni. Co. Cr. Fe. M 
g, Sr, V. Sc, Y, La, Ce> Pr, Nd, P 

Sm. Eu, Gd, Tb, Dy, Ho» Er, T 
m, Yb, Lu, Ac. Th, Pa> U, Np, Pu, 
Am, Cm, Bk, Cf, Es, Fm, Md, NoJStXf- 

M" tiAl, Cr, Mn, Fe, Mg, Sr, V, S 
c, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, 
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, A 
c, Th, Pa, U, Np, Pu, Am, Cm, Bk, 

Cf, Es, Fm, Md, NoS.d^L r d^Sife'SSf.J: 0 
mi^tl^—-::>KLt<D^-V$)D. A\tO. F, SmS 

[002 11 

[00 2 2] ^^ji) H-t^>^yt^07^?ut^D- 
^nr^L i Mn2 04 ^wtiyrzo 

[0 0 2 3] (mm2) \^-if>{nm<D7^'}7~*J 



L^ ^ U 7- U >®^a(iU 5^'> A^M^b^S^ 
{3 1 w 1 5g-C*:3fc. $£iSn;fcn— >iJ^g?gi:L 
iMn2 O4 S^StCl^U 3j?'JT-U>*in-5^ 
-f >i/'$nfeL i Mn2 O4 SrSSiL;to 

[0 0 2 4] (Iifi£«i\i3) x^^;!^^^- >'^-:^*il8® 

i^?g?gtL iMn02 ^i^^iaSg&tcSAU d?<J7r: 
y/7 >J>j6ln-5^'f >i^$nfcL iMnO* €:j!SgL;fe« 

[0 0 2 5] }<7^'>;w^>-tf>x;pj^>ife 

(MMMttODigfli) t«rm-^^V^-;WCj^S^Tr3 
-5^'f>i'Sm€:«8jiLfc. >J?UT-U>t;^->''?-P 

<?i©^»iU5^'>A^M^{b^<&am{c=s->!r 1 w t %T 
$>^rco isBesnfc3-5^-f>;;7i^tL iMn2 04 

[0 0 2 6] (^M5) \iy^y)V^>ii>7.}V':^ym 

a)^»JU5^'5'A^S?{b#l<&^J-«->«r 1 w t %1?$> 
Sajt$nfc3-5^-f >:;^?gSKtL iMn2 O4 <»: 
^£ii!SSf^t^L, 7j?U7xiJ>, 7.-/1-PS.t/5i?U 
X5^l/>:^:^^-tJ--r f</&t3— T^-f >y$nfcL i Mn2 O 
4 ^iSSitL^ 
[0027] (JtlSEC^Jl) L iMn2 O4 ®*ffi{c:eD 

[0 0 2 8] (tt^2) L i Mn2 O4 ^'jg^-^A^ 
[0 0 2 9] tn^JSMl~5S:t;jtt{5«ajl~2{3J;o 

[0 0 3 0] ^0iJ5S.t^it|i^J2 0iEfiie 

'&t^m^ LT^Oi^m^ia 2 f^^ L^c. it$5f0tj 2 ©IE® 
S'KlMSrffi^.ifcfiafe (a) lCJt-^T2js:5!WCD^^6fi0!l 1 1 
50lE«iei^M^&#tyn'f >«m (b, c) cDSsm (6 
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[011 :m^oymmsixsimm<DiEW&iin^^tj 
[02] :^%m<D^mms)mm(r>iEm^n^^ts 
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